INTRODUCTION T HE NERVOUS
system is often considered to be especially sensitive to microwave radiation. Various studies have purported to show changes in EEG after exposure to low level pulsed microwave radiation [ 1]- [6] . Changes in the firing patterns of isolated neurons after stripline irradiation [7] , and changes in the compound action potential of peripheral nerve at very low average power levels of microwave radiation have been reported [8] .
The latter work of Kamenskiy holds interest because low average power radiation (pulsed, 0.2°C temperature rise, 3.5 pW/cm2 ) reportedly changed the conduction velocity by 10 percent. Chou and Guy [9] were unable to replicate Kamenskiy's results. All effects were attributable to alterations of the bathing solution temperature.
The use of glass or metal stimulating and/or receiving electrodes located in the microwave field causes artifacts and field distortion. This is due to differing microwave properties between glass or metal and the nerve bathing solution. The use of electrodes outside the field as in the case of Chou and Guy does avoid these problems, but this tactic prevents direct measurement of the irradiated portion of the nerve. Microwave transparent electrodes in the field can be used but require careful design. Manuscript reeeived March 11, 1980; revised June 12, 1980 . The procedures used within this paper eonforrn to standards for the use of laboratory animals established by the Institute of Laboratory Animal Resources, U.S. National Academy of Seienees (G&k for the Care and noise with diode connected 50 mV peak to peak; passband 100 Hz to 5 kHz). The light source and microscope were place on a 89-cm X 6 l-cm X 8.5-cm thick marble slab, which was supported by four damped rubber shock mounts (Lord Kinematics #J-5984-1) with a 0.25-Hz, 3-dB cutoff frequency.
The nerve chamber (Fig. 2) was an open top rectangular box 1.3 cm X 3.5 cm X 1 cm deep. Thin notched spacers of polycarbonate defined 'a sample area 1.3 cm X 1.3 cm>< 0.5 cm deep. This was filled with artificial sea water (ASW) during the experiment.
Both the stimulating and recording electrodes were made of medium resistance (1000 Q/cm) carbon loaded Teflon filament. Collnectiollls to flexible copper wires were made near the sidewalls of To prevent radiation of microwave energy into the environment and maintain a high effective coupling, a waveguide exposure system was used (see Fig. 1 ). A 47-cm section of WR 284 waveguide was mounted on the microscope stage. A 1.3-cm round hole in the upper, broad side allowed observation of the nerve, and a 2.3-cm square hole (with screening dividing it into four 1.2-cm square holes) allowed entrance of light from the condenser lens assembly at the lower broad side of the waveguide. Four 0. some were kept for 2 months before use. If the crabs survived overnight, they would last indefinitely. In order to be sure that the observed effects were due to microwave energy and not physiological variations of nerve condition, nerves were compared from the same animal, in pairs. Two legs were cut off the specimen crab at the same time to provide a matched pair. The nerves were immediately dissected from the legs and placed in ASW (3-5 rein). After letting the nerves soak for another few minutes, the first nerve dissected out was used in the experiment.
After the nerve was run in either radiated or sham irradiated conditions, the second nerve was used.
The delay from first to second nerve was about 30 min
rein/nerve.
The ligated nerve was stretched across the electrodes and the threads secured in small lumps of dielectric (clay) at the end of the chamber. The nerve was mounted perpendicular to the direction of microwave propagation and parallel to the broad face of the waveguide with its long axis at 45°to the polarization of the incident light. The sample area had been filled with ASW, as well as each end area. Cellophane tape placed over the end area formed a miniature cloud chamber with saturated air keeping the nerve ends moist. The optical path intersected the nerve near the stimulating electrodes. The nerve at this point was completely immersed in the ASW. The nerve was observed close to the stimulation electrode because the birefringence signal became weaker and less sharp at greater distances due to dispersion of conduction velocities of the axons in the compound action potential. During the experiment, the nerve was stimulated once every 1.8 s. The current from the stimulator was typically 10 mA; however, a great deal of this was shorted out by residual electrolyte between the medium resistance lines.
The stimulus level chosen was 2 mA above that which gave maximum birefringence; or 10 mA. The same stimulus current was used for both nerves, i.e., the level was set using the first nerve of the pair. One nerve of the pair was exposed to microwave energy. When run in "order l", the first nerve was exposed to microwave energy and the second nerve was the control, not exposed to microwave energy. When run in "order 2", the control, nonexposed nerve came first with the second nerve exposed to microwave energy.
Nerves were exposed to either pulsed microwave energy (5-kW peak 1-KS pulsewidth 1000-pps, 5-W average input power to apparatus) or CW microwave energy (5-W average input power to apparatus), or to no energy (control).
As measured by temperature rise of the nerve's bathing solution with the cooler off, the specific absorption rate was 123 mW/g. Matched-Pairs Signed-Ranks Test (PE = 95 percent) [22] [23] [24] [25] [26] . The null hypothesis HO was tested at a 0.05 probability threshold. HO may be stated that the birefringence amplitude (after normalization) of the control nerve is the same as the birefringence amplitude (after normalization) of the paired exposed nerve, at each time interval.
In addition, the slopes of the best fit (least squares method) straight line through differences of the amplitude of control and exposed nerve pairs over time were calculated. The slopes for various exposure conditions were com- pared and analyzed using the Pitman approximation to the Randomization Test for Independent Samples. In this case, the null hypothesis may be stated that the rate of degradation under the various exposure conditions is identical.
IV. RESULTS
The results of the data analysis are given for the normalized birefringence amplitude at each time interval 
DISCUSSION
The data is noisy, but the three statistical tests substantially agree. The Randomization Test (highest power efficiency) is most likely to be correct, while the Wilcoxon Test is the weakest and more prone to type II errors than the others.
All tests show a significant difference in birefringence amplitude caused by pulsed microwave exposure, when the exposure is done first. When the exposed nerve is second (order 2) the statistical tests do not agree, but the strongest test indicates there is an effect. This order effect is puzzling, since when the nerves were run in order 1, with the control nerve last, the experiment was biased against showing a decrease in birefringence amplitude, due to the specimen degradation.
Presumably, the control nerve could degenerate during the 23 min the first nerve was being tested.
There appears to be a very weak order effect between CW order 1 and CW order 2 exposure, with the Randomization Test showing a difference in amplitude in one time period only. Otherwise, the data show that CW energy exposure does not cause a significant change in birefringence amplitude relative to the control nerve.
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